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Abstract A low cost C hem ica l B ath  D eposition  (C'BD) system  has been developed in our laborato iy  foi the pieparation  ol copper se lenide thin 
Him (iood quality thin film s o f  sm oo th  su rface  o f  co p p er se len ide thin film s o f  com positions ( 'u ,  Se (a = 0 M )  5) and f 'u ,S e , w eic deposited  using  
sotlnim scicnosulfale as a so u rce  o f  se len id e  ions. C ry sta l s tru c tu re  o f  co p p er se len ide (C u ,„S e  and C u .S e p  th in  film s has been iden tilied  by X -ray  
Jiffiaction (X RD ) m ethod  W hen the film  i.s an n ea led  at 250“C in air, the phases o f  ( 'u ,g S e  and ( 'u ,S e^  becom e crysta lline , with s tn ic iu ics o f  cubic 
(bn/clianiic) and tetragonal, respec tively , w hereas the a.s-deposited film  was found to be d isorder T he crystallinity  is veiy low in as deposited sam ples, 
im piovcs on an n ea lin g  in a ir  at 25()“C  T h e  g ram  size o f  the a s -deposited  sam ples was very sm all, w hich  w as increased  about .^ 0% ow ing to 
.mnealmg in air at 250®C
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I he term slructure include a variety of concepts, which describe 
on various scales, the arrangement of the building blocks of 
maierials On an atomic scale, one deals with the crystal structure, 
which IS defined by the crystallographic data of the unit cell, 
ihese data contain the shape and dimension of the unit cell and 
the atomic position within its Bravias structure. They are 
obtained by diffraction experiments. On a coaster scale, one 
deals with the microscopic observations of the microstructure, 
which characterizes the sizes, shapes and mutual arrangements 
ol individual crystal grains. It also includes the microstructure 
:ind surface morphology of the materials. Suitable techniques 
are siirlace replication and scanning electron microscopy f I --4],
frequently, one has to determine whether a given deposit is 
 ^ single crystal or polycrystalline either with a random 
t i^siribution of orientation with respect to the coaling plane. For 
 ^Mngle crystal coating, it is important to know its orientation 
i e^lationship with respect to the substrate [5). X-ray diffraction 
 ^ suitable tool to determine the crystal structure of any 
IUnknown materials, whether the .sample is a single crystal or 
polycrystals [6], Cu^^^Se is a kind of photovoltaic semiconductor, 
which can be used as a good absorber. In our previous study.
^^rresponding A u th o r
we have reported that Cu,_^Se thin film has been successfully 
grown onto glass slide using CBD technique [7]. The resistivity 
is observed in the range (2-25)x 10 Q-cm from as-deposited to 
annealed Cu,^^Se film. The transmittance and reflectance is 
obtained to be about 3-75% and 4-20% in the wavelength range 
4CX)-1100 nm from as-deposited to annealed samples. In the 
present Note, we report the detection and structural study of 
Cu, gSe and Cu3SeT thin films using X-ray diffraction method.
The chemicals, used for the preparation of thin films, were 
LR grade (Merck) cupric chloride di-hydrate (CuCU, 2H-,0), 
selenium powder o f99.99% purity, sodium sulfite (Na^vSO )^, tri- 
cthanol amine (TEA) and ammonium hydroxide (NH^OH). At 
first, selenium was used for the preparation of sodium 
sclenosulfate. Secondly, CuCU 214,0 solution was mixed with 
NaSeS03 at constant stirring. Then TEA was added to this 
solution. NII^OH was used to adjust the pH of the reaction 
bath. Microscope glass slides were used as substrates. The 
substrates were cleaned well with detergent and distilled water, 
and were kept in H^ wSO^  for about Ih. They were then rinsed 
with distilled water and were dried in air prior to film deposition. 
The substrates were then immersed vertically into the deposition 
bath against the wall of the beaker containing the reaction mixture. 
After deposition at room temperature, the glass slides were taken
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out from the bath and then rinsed with distilled water and were 
dried in blowing air.
A Philips X Tert X-ray diffractometer (XRD) was used to 
obtain X-ray data of the samples at the Bangladesh Council for 
Scientific and Industrial Research (BCSIR), where the powder 
diffraction technique was used with a primary beam power of 40 
kV and 30 mA for Cu radiation. A nickel filter was placed before 
the sample to reduce CuK radiation and finally CuK radiation 
was only used as the prinfary beam. Here, sample-1 represents 
the as-deposited CUj ^Sc film followed by annealing at 250^*0 
for one hour in air and sample-2 represents the as-deposited 
Cu^Sc2 film followed by annealing at same condition.
All the X-ray diffraction data of the samples were analyzed 
using computer to get d values and peak intensities. The spacing 
d  was calculated using Bragg relation
2 J  sin© = A ,
where A is the wavelength of the incident radiation and for 
C u(K a), A = 1.54178A. The XRD pattern was then analyzed 
using the rf-values of their main fundamental peaks. The rf-values 
and their intensity ratios were compared to the data available in 
the analytical library of the computer software, which contains 
JCPDS International Centre for Diffraction Data |8J. The unknown 
compounds and elements were identified from the observed 
data.
The XRD pattern of as-deposited Cuj gSe film is shown in 
Figure 1. Lots of noise observed in the XRD pattern may be due 
to the growth of disorder film. The result has been presented 
here after slight removal of noise. From this pattern, it shows 
that no well-defined peak was found and no well-defined plane 
was obtained in the case of as-deposited films, which suggests 
that the as-deposited films were disorder. A little tendency of 
growing peak is found at an angle 2d = 27,30®, 45.35® and 62.78°. 
The intensity of the observed peaks is very low, which become 
Stronger due to annealing at 250°C.
crystalline film due to annealing. A comparison of the observed 
pattern with the standard JCPDS (Joint Committee on Powd 
Diffraction Standards) cards shows that the annealed sample;, 
with above condition possess a structure, matching the cubic
(berzelianite) (JCPDS 26-512) Cu^^^Se with x =0.2, which belongs 
to the cubic system with lattice parameter n=5.697A |9j The 
crystallinity of the films was observed to improve owing ii 
annealing at 250°C. The observed peak positions arc in good 
agreement with those due to reflections from (111), (220) and
(311) planes of the reported structure observed for as d e p o s ite d  
Cu.,^Se thin film prepared by CuSO^ and tri-soduim citrate i lOj 
and for as-deposited Cu, g^ -Sc thin film of 0.13 pm t h ic k n e s s  
[11,12]. The XRD pattern of sample-2 is shown in Figure d It 
shows well-defined peaks matching to Cu^Se^ (JCPDS 25-2b3\ 
which belongs to the tetragonal phase with n = 5 .6 3 A  anu 
c~ 11.23A. The observed peak positions are also in good 
agreement with those due to reflections from (112), (204) and
(312) planes of the reported structure f 13|. It can be concluded 
that the crystallinity found is very low for as-deposited samples, 
which improves due to annealing in air at 250°C.
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Figure 1. XRD pattern of as-deposited Cu^  gSe thin film.
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Fig. 3 XRD pattern of sample-2.
The XRD pattern of sample-1 is shown in Figure 2. The XRD The crystalline grain size in the films was calculated using 
pattern shows well-defined peaks suggesting the formation of the Scherrer formula. The full width at half maxima (FWHM) oi
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the as-deposited sample was found to be 11.29
and that for the samples (1 and 2) were found to be 0.38 and 0.40, 
res tectively. The average grain diameter for as-deposited sample 
^  fo u n d  to be 0.025 nm that increases to 0.724 and 0.688 nm in 
case of the samples 1 and 2. respectively. Very low grain size is 
observed for as-deposited samples, which was observed to 
increase about 30% owing to annealing. The X-ray diffraction 
parameters for samples-1 and 2 are summarized in Tables 1 and 
2 , respectively.
Tabic !• x-ray diffraction parameters of sample-1
il (A) 4 (A) hkl Relative Angle Peak
E xperim entally  Theoretical intensity (%) ( 2 0 )  height
observed values (counts/s)
3 324 3.328 111 100.00
1.996 2 038 220 88.08
174.1 1.738 311 29 99
27.43 125 12
45.14 110,20
S3..36 37.52
Table 2. X-ray diffraction parameters of .samplc-2
CUjSe, phase. The crystallinity is very low in as-deposited 
sample that improves on annealing in air at 250“C. The grain size 
of the as-deposited samples was very small, whtch was 
increased about 30*311 owing to annealing in air at 250"C.
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